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There is little doubt that cognitive pro- 
cesses involved in perceiving and com- 
paring the duration of the sounds played 
by a musical instrument are very differ- 
ent from those involved, for instance, in 
recalling when our latest holidays took 
place. However, despite their clear differ- 
ence, we ascribe both processes to the time 
domain, either in the form of a duration 
or of a mental time travel. Here we main- 
tain that, despite the several meanings of 
"time" and its intrinsically heterogeneous 
nature, a common and somehow surpris- 
ing characteristic of its representation is 
its spatial nature. Evidence will be pro- 
vided suggesting that sensory time (the 
sounds of the instrument), time travel (last 
holidays) as well as conceptual time are 
all spatially represented. Whether this spa- 
tial format is the same for all "categories" 
of time is stiU unclear, as well as it is 
unclear whether category- specific spatial 
layouts exist. The possibility that several 
heterogeneous aspects of time might be all 
processed in spatial terms allows to better 
understand a number of apparently dis- 
connected findings within the vast time 
domain. We will describe the prominent 
role played by writing habits in giving a 
direction to this representation. The possi- 
bility will be discussed that a more general 
tendency exists to represent in a spatial 
format all ordered sequences, as well as 
abstract concepts. 

The interest on the way humans process 
and perceive time can be readily explained 
by the ubiquity of time in human life and 
by its multifaceted and sometimes elu- 
sive characteristics. Moreover, time pro- 
cessing is relevant for several domains, 
including not only philosophy, linguis- 
tics, cognitive science, and neuroscience. 



but also anthropology, history, and biol- 
ogy. Humans are equipped with a device 
(or several devices, this does not seem 
to be currently known) allowing them to 
deal effectively with all aspects of time, 
including duration estimates, time travel, 
and time conceptualization. A key empiri- 
cal finding supporting our purposes here 
is that, across a number of formats and 
paradigms, time processing interacts with 
spatial processing and with the mecha- 
nisms subtending the deployment of spa- 
tial attention. This allows to consider the 
way humans perceive different time dura- 
tions, and represent heterogeneous time 
concepts, as spatial in nature. A thor- 
ough review on these aspects can be 
found in Bonato et al. (2012a), where 
a number of analogies with the spa- 
tial representation within the numerical 
domain -which is also characterized by 
ordinality- are discussed. The more consis- 
tent line of evidence supporting the pos- 
sibility that time is spatially represented 
comes from those studies showing an 
interaction between a time-related charac- 
teristic and the response side. Regardless 
of the aspect of time that is under inves- 
tigation (perceptual or representational), 
the typical experimental manipulation 
requires the use of two stimulus-response 
mappings, whereby the same time-related 
stimulus receives a left response in one 
mapping and a right response in the other. 
By using two temporal durations Vallesi 
et al. (2008, exp 1) have shown consis- 
tent associations between left side and 
shorter durations (1 s) and between right 
side and long durations (3s). The inter- 
action does not depend on the respond- 
ing hand but on the side of space where 
response is performed (exp 3 and 4) and 



was still present when more durations 
(six, from 0.5 to 3.5 s) had to be com- 
pared (exp 5; see Conson et al, 2008 for 
similar findings with auditory stimuli). 
An interaction with lateralized response 
keys is also found when the to-be-judged 
temporal references are related to mental 
time travel/time concepts, (e.g., before- 
after). These studies typically adopt much 
longer temporal durations. It is the case, 
for instance, of the months of the year, 
whereby faster responses are found when 
one of the first months (e.g., February) 
has to be responded to with a left-sided 
response and one of the last months 
(e.g., January) with a right-sided response 
(Gevers et al, 2003). Evidence for the auto- 
maticity of this association stems from 
the fact that it was found also when the 
task did not involve explicit access to the 
time aspect (Gevers et al., 2003). Left- 
right associations can be elicited also when 
the timeframe in a temporal comparison 
task extends to several years, as shown by 
Weger and Pratt (2008) who asked for a 
comparison of actors who were famous 
several decades ago (e.g., Charlie Chaplin) 
vs. those who were famous at the time 
of testing (e.g.. Brad Pitt). Ishihara et al. 
(2008) provided evidence that left-before 
vs. right-after associations are present also 
for brief, sensory stimuli (sounds with a 
20 ms duration). In their study, the time 
of appearance of a target sound after a 
sequence of seven equally spaced (500 ms 
interval) sounds had to be compared with 
the temporal lag of half a second dividing 
the preceding sounds. Participants showed 
a preference for right-sided responses 
when the target sound was presented later 
in time with respect to the expected inter- 
val (delay of 215 ms) and a preference 
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for left-sided responses for a target sound 
presented 215 ms before the expected tim- 
ing. The effect disappeared when verti- 
cally arranged response keys were adopted. 
Crucially, a clear left/before right/after 
association is also found when arbi- 
trary, non-temporal sequences are used 
(Previtali et al., 2010). In this latter case 
the temporal aspect is somehow implicit 
and related to the order of stimuli presen- 
tation (time range: several seconds). The 
association of left responses with past and 
of right responses with future still persists 
when past- related vs. future-related tenses 
and words are presented (Santiago et al, 
2007). 

An interaction with response side can 
be also found when merging together 
(very) different temporal lengths, rang- 
ing from a few seconds to several decades 
(Fuhrman and Boroditsky, 2010). In this 
study participants had to determine, by 
means of two lateralized response keys, 
whether the second of two sequentially 
presented pictures referred to an event 
occurring earlier/later in time than the 
first picture presented. Images repre- 
sented either brief sequences (seconds- 
minutes: a banana turning into an empty 
peel) or long sequences (decades: a boy 
turning into an adult). English speak- 
ers showed a clear left/before right/after 
preference in 36 out of 38 sequences. 
By directly comparing the performance 
of English-speaking people to Hebrew 
speakers, Fuhrman and Boroditsky (2010) 
showed that the effects of preferential spa- 
tial arrangements with lateralized keys is 
related to writing directions (see also the 
seminal study by Tversky et al., 1991). 
A similar effect of writing habits can be 
found when temporal durations (1 vs. 
3 s) have to be compared (Vallesi et al, 
in press), once again confirming the com- 
monalities in representing durations and 
time order. In other words, time rep- 
resentation(s) can be dramatically influ- 
enced by cultural factors (Niiiiez and 
Cooperrider, 2013). Populations that are 
not very familiar with reading and writ- 
ing show a number of different spatial 
layouts for time (Boroditsky and Gaby, 
2010). However, also in Western cultures 
changes in the postural sway according to 
a past/backwards and future/forward asso- 
ciation has been described (Miles et al, 
2010). 



In summary, a spatial component (lat- 
eralized responses) has been described to 
be robustly associated with strikingly dif- 
ferent time intervals, either with more per- 
ceptual or with more conceptual tasks. 
This suggests that very different time 
aspects can be all spatially represented. 
One can make the analogy even stronger 
by pointing out that this supra-modality of 
time processing resembles the similarities 
found for perceived vs. represented spatial 
locations. 

It can be claimed that the ubiquity of 
these effects can be task-induced rather 
than reflect a truly spontaneous spatial 
representation. A line of evidence allowing 
one to confirm the genuinely spatial ori- 
gin of time representation can be found 
in those cases where spatial attention is 
distorted as a consequence of brain dam- 
age. Damage affecting right-hemisphere 
areas related to spatial processing has been 
described to induce a spatial bias in a 
detection task where the cue was a time- 
related, centrally presented, word (Pun 
et al., 2010). Moreover, two recent studies 
with right hemisphere damaged patients 
have described temporal distortions in the 
presence of neglect, a neuropsychological 
syndrome hampering the processing and 
the internal representation of contrale- 
sional space. These findings provide fur- 
ther support for the spatial nature of time 
representation for both mental time travel 
(Saj et al., 2014) and temporal durations 
(Oliveri et al., 2013). 

The idea behind Saj et al. (2014) 
is similar to the rationale of the study 
by Zorzi et al. (2002), who suggested 
that the overestimation found in patients 
with left neglect in a numerical bisection 
task resembled the length effect neglect 
patients show in line bisection tasks. In 
the Saj et al. (2014) study right brain 
damaged patients with and without spa- 
tial neglect encoded behavioral habits an 
imaginary person used to have in the 
past (10 years before) or wiU have in 
the future (in 10 years). Patients with 
left hemispatial neglect showed a specific 
deficit when remembering and attributing 
items to the past, whereas this "distor- 
tion" was absent in right brain damaged 
patients without neglect and in healthy 
controls. By using prismatic adaptation 
Oliveri et al. (2013) crucially demon- 
strated that the disturbances in the time 



domain shown by neglect patients result 
from their impaired spatial processing 
rather than by other, more general, cog- 
nitive impairments (Bonato et al., 2012b). 
In right brain damaged patients with 
neglect a leftward attentional deviation 
reduced the -overall more severe than in 
patients without neglect- time underesti- 
mation deficit. An experimental manipu- 
lation (e.g., prismatic adaptation) affect- 
ing spatial processing thus influenced also 
a temporal bisection task. Effects of spatial 
attention distortions upon time aspects 
can be found in healthy participants as well 
(see for instance Vicario et al., 2007; Di 
Bono et al, 2012). 

Which are the cognitive mechanisms 
subtending time-space interactions and 
their distortions ? Within the numeri- 
cal domain Priftis et al. (2006) main- 
tained that the distortions due to neglect 
in numerical processing reflect impaired 
access rather than a distorted represen- 
tation itself Supporting evidence can 
be found in Zorzi et al. (2012), where 
spatio-numerical deficits shown by neglect 
patients varied according to the task at 
hand (present in magnitude comparison 
but absent in parity judgement). Leaving 
terminological issues aside, the possibility 
of a deficit in accessing an intact represen- 
tation does not seem at odds with those 
studies that have highlighted that working 
memory for sequences is characterized by 
a spatial layout. It might then be reason- 
able to assume that most time-space asso- 
ciations are based on flexible, short-term 
associations made on the spot according to 
the task at hand. In turn, this view would 
be compatible with the findings of van 
Dijck and Fias (201 1), who have described 
a left to right spatial mapping for ordered 
items in working memory. This mapping 
influences not only lateralized responses 
but also target detection tasks (van Dijck 
etal, 2013). 

Finally, if we reason that perceptual 
time is in a way represented and concep- 
tualized before response, it seems possible 
that an even broader tendency to spa- 
tially represent all abstract concepts exists. 
For instance, Chasteen et al. (2010) have 
shown, through a target detection task, 
that the concepts of God and Devil pro- 
duce shifts of attention and lead to faster 
responses when visual targets are pre- 
sented at compatible locations with the 
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concepts of God (up/right locations) or 
Devil (down/left locations). They framed 
their findings as supporting the link 
between internal spatial representations 
and locations where attention is allocated 
in the external environment. The tendency 
to represent rather abstract concepts in a 
spatial format might further extend to a 
number of representations of the self, in 
addition to spatial and temporal frames of 
reference (Parkinson et al., 2014), 
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